Objective: People with anorexia nervosa (AN) report significant difficulties in social functioning and a growing literature is beginning to explain some of the differences in social skills that might underlie the social challenges experienced by patients. One vital area of social functioning that has been largely neglected to date is how eye-contact is used in the context of social stimuli and in social situations.
social support is cited as a key factor in the testimonies of those who have recovered (Tozzi, Sullivan, Fear, McKenzie, & Bulik, 2003) , yet these social functioning difficulties may prevent access to, and utilization of, social support in recovery. Given this knowledge and what is known about the toxic impacts of social isolation and loneliness on any human-being (Tanskanen & Anttila, 2016) , evidence-based treatments for AN (e.g., Maudsley Anorexia Nervosa Treatment for Adults; MANTRA; Schmidt et al., 2015) reactions and conveys affiliative motivation (Argyle & Dean, 1965) .
Eye-contact emerges early in infancy and also performs a communicative role through protoimperatives, or request gestures (e.g., pointing at a desired object out of reach while maintaining eye-contact) and protodeclaratives, or joint attention gestures (e.g., pointing at an object within reach while maintaining eye-contact; Bates, 1979) . The ability to jointly attend to or request an object is fundamental to social communication and provides the basis for affective sharing and intersubjectivity (Mundy, Kasari, & Sigman, 1992) . Differences in eyecontact have been reported in other psychopathologies often comorbid with AN, including social anxiety disorder, where eye-tracking data show individuals avoid looking at the eyes (Weeks, Howell, & Goldin, 2013) and reductions in eye-contact are well documented in the clinical assessment of Major Depressive Disorder (Hinchliffe, Lancashire, & Roberts, 1971) . In AN, one qualitative study found adolescents (n = 17) with AN report finding both giving and receiving eyecontact uncomfortable (Patel, Tchanturia, & Harrison, 2016) and one small study found that, independent of the observed body weight of actors in static images, 11 women with AN demonstrated significantly reduced gaze toward the face and eyes than 11 non-AN controls (Watson, Werling, Zucker, & Platt, 2010) . A further observational study of seven adolescents with AN found they used less eye-contact during social interactions than 12 non-AN controls (Cipolli et al., 1989) . However, any conclusions that might be drawn from these studies are limited by their small sample sizes; absence of control groups (e.g., Patel et al., 2016) and subjective methodology (e.g., Cipolli et al., 1989) . Previous work has also focused on the acute illness phase when starvation effects may further confound the data and has neglected to study those whose severe low weight has remitted and are in recovery. Additionally, previous studies did not include measures of autism traits which are present in a significant group of individuals with AN and could also add to confounding due to atypical eye-contact in this group (Senju & Johnson, 2009 ).
Thus, the objective of this experimental study was to generate new knowledge with regards to the sorts of social skills that evidencebased treatments might aim to support in order to better help patients access and utilize social support in their recovery. The aim was to be the first study in the field to experimentally measure eye-contact in women in the acute and recovered stages of AN, compared with non-AN controls, in the context of static and moving social stimuli and a real-life social interaction using eye-tracking technology.
The first hypothesis was that, in response to (a) static social stimuli (Ekman faces), (b) moving social stimuli (a video of two actors interacting), and (c) during a real-life social interaction, adult female participants with AN would show differences in the frequency and duration of eye-contact with the eyes of (a) static and (b) moving actors and (c) an interlocutor compared with non-AN controls.
The second hypothesis was that those recovered from AN might demonstrate an intermediate profile, with eye-contact toward the eyes of the static and moving social stimuli and the eyes of the interlocutor being reduced relative to non-AN controls and increased relative to those with acute AN.
| METHODS

| Design
This quasi-experimental cross-sectional study employed a mixed design, employing both between and with-participants measures.
| Participants
Female participants aged 18-55 able to read and respond in English were recruited from the community via adverts displayed in public places, on social media (Facebook, Instagram), online forums for people with EDs, through Beat, the UK's largest ED charity's newsletter and social media feed, the North London Carers' Group, Regent's University London online student forums and physical noticeboards and, through notices displayed at an ED service in Buckinghamshire, UK. Those in the AN group were required to have a diagnosis of AN which was confirmed using the Eating Disorder Examination (Fairburn, 2008) . The non-AN control group were screened for the absence of ED symptoms using the Eating Disorder Examination Questionnaire (EDE-Q; Fairburn & Beglin, 1994) and were included in the study if they reported no personal history of any severe mental health difficulty. Following Bardone-Cone et al. (2010) , recovered participants were required to have a body mass index (weight/height 2 ) between 19 and 24.9, score outside the clinical range (<2.4) on the EDE-Q (Fairburn & Beglin, 1994) and have regular menstruation for ≥12 months. The Research Version of the Structured Clinical Interview for DSM 5 (SCID 5; First, Williams, Karg, & Spitzer, 2015) was used to confirm a past episode of AN in the recovered group. About 90 people responded to the adverts and 15 (16.67%) were excluded from the final sample as they did not meet inclusion criteria for either the AN, recovered, or control groups.
| Measures
| Self-report measures
The EDE-Q (Fairburn & Beglin, 1994 ) is a self-report tool measuring eating behaviors and attitudes over the past 28 days on a 7-point scale, with higher scores indicating greater symptoms. Cronbach's α is .93 for community samples (Peterson et al., 2007) and .91 in this study. The 21-item Depression, Anxiety and Stress Scale (DASS; Lovibond & Lovibond, 1995) measures stress, depression and anxiety across a 4-point Likert scale from 0 to 3, with higher scores indicating greater psychopathology. Cronbach's α is .88 (Henry & Crawford, 2005) and .91 in this study. The Revised Social Anhedonia Scale (RSAS; Eckblad, Chapman, Chapman, & Mishlove, 1982) measures participants' desire to seek out and experience pleasure from social interactions. A true/false response format is used; higher scores indicate higher social anhedonia. Scores ≥12 indicate functionally significant social anhedonia (Pelizza & Ferrari, 2009 ). Cronbach's α is .95 (FonsecaPedrero et al., 2009) and .89 in this study. The self-report version of the Communicative Competence Scale (Wiemann, 1977) measures social competence. This 36-item questionnaire requires participants to respond to items including "I generally say the right thing at the right time" on a 5-point scale from strongly disagree to strongly agree. Cronbach's α is .96 (Wiemann, 1977) 
| Experiment 3: Eye-tracking measured in a real-life social interaction
In this third task, designed to further increase the ecological validity of the project, a 5-min conversation with a woman research assistant (RA) with a BMI between 18.5 and 25 was facilitated using video conferencing (Skype) using the built-in web camera on the Dell computer monitor. The participant and RA sat in separate cubicles in the laboratory and the conversation topic ("where I'm from;" designed to be neutral and noncontentious) was introduced by the RA. A similar paradigm has been used to measure eye-contact in social anxiety disorder (Howell, Zibulsky, Srivastav, & Weeks, 2016) . This experimental task was always presented last to provide the participant with the opportunity to feel more comfortable in the presence of the RA during the previous tasks. Participants were asked to engage with the RA as they would in a typical daily interaction. The RA was seated and positioned 1 m from the computer monitor allowing their face to appear as close to its usual size in reality on the participant's monitor and to permit background stimuli (the cubicle door which was ajar and a room containing desks and computers behind). In this task, we were interested in the frequency and duration of contact with the RA's eye ROI during the conversation (relative to the aforementioned background ROI).
A visual analogue scale (VAS; "Out of 10, I would rate my social sills during this conversation as…" with 0 the lowest and 10 the A fixed Tobii T120 eye-tracker was positioned on top of the computer monitor through the three experimental tasks.
| Procedure
The study received ethical approval from the Regent's University London jects. Participants were informed that the study aimed to investigate social skills in people with experience of AN but were not given specific information around which skills were being investigated or how they were to be measured. Having been screened over the phone for inclusion eligibility, participants were invited to the Psychology Laboratory at Regent's University London where written, informed consent was collected. First, participants completed the self-report measures. Participants then sat at a desk in a cubicle within the lab at a standardized distance of 1 m from the computer screen which displayed the stimuli at a resolution of 1.280 × 1.024 pixels. The Tobii eye-tracker was fixed to the top of the 21 00 Dell computer monitor throughout the three experimental tasks and has a temporal resolution of 2 ms (500 Hz), spatial accuracy of 0.5 -1 visual angle, and a spatial resolution of 0.01 . Stimuli were presented and recorded in MatLab (Mathworks Inc., Natick, MA).
The eye-tracker was calibrated using a procedure of fixating points of known coordinates displayed on the monitor used to determine the absolute gaze location into x and y coordinates for each point of gaze (Salvucci & Goldberg, 2000) . In discriminating fixations, saccade velocity, acceleration, and motion thresholds were set at 30 /s, 9,500 /s 2 , and 0.15 , respectively. Before experiment 1, participants were instructed to view the images on the screen; for experiment 2, participants were instructed to view the video on the screen and for experiment 3, once the video conferencing link was established, participants were instructed to talk to the RA through the computer screen. Participants then completed the three experimental tasks outlined above followed by the VAS. Finally, participants were fully debriefed as to the nature and aims of the study and given £10 in cash in gratitude for their time.
| Data analysis
Data were explored for assumptions of normality using histograms, boxplots, and the Kolmogorov-Smirnov test and parametric tests were selected. Given that, as shown in Table 2 , the groups differed significantly with regards to their levels of depression, anxiety, and stress and as previously discussed, differences in eye-contact have been found in those with depression and anxiety, we controlled for these symptoms by including the total DASS-21 score as a covariate in our statistical models.
Analysis of Variance (ANOVA) was used to explore between-group differences on self-report measures for continuous data, followed by post-hoc independent t-tests, and chi-square was used to explore between-group differences for categorical data for the self-report measures.
For the three eye-tracking experiments, drawing on Spezio, Adolphs, Hurley, and Piven's (2007) work in autism spectrum disorders, two measures of facial gaze were calculated: (1) fixation number, which is the total number of fixations within an area, independent of previous fixation area), referred to as fixation frequency; (2) fractional dwell time, which is the time spent fixating on a given area divided by the total time between image onset and response, referred to as fixation duration. For experiment 1, means for fixation frequency and duration for the three groups (AN, non-AN controls, and recovered participants) were calculated for the eye ROI for the positively valanced faces (happiness), and the negatively valanced faces (sadness, anger, disgust, fear, and surprise) separately for man and woman stimuli. As there were no significant differences in fixation frequency and duration for male, compared with woman eyes, and positive, compared with negative emotions, the data presented represent responses to man and woman eye ROI across all six basic emotions.
For experiment 2, means for fixation frequency and duration for the three groups (AN, non-AN controls, and recovered participants) were Partial correlation analyses, controlling for depression, anxiety, and stress using the total DASS-21 score were also planned to explore the association between the self-reported social skills (social anhedonia; RSAS, work and social functioning difficulties; WSAS and selfreported number of close friends) and the duration of contact made with the eye ROI on the third experimental task.
Estimations of effect size were computed using Cohen's D where D = 0.2 represents a small-sized difference, 0.5 a medium-sized difference, and 0.8 a large-sized difference (Cohen, 1992) . Statistical analyses were performed using IBM SPSS Statistics software Version 24.
| RESULTS
The final sample consisted of 75 women; 25 with AN, 25 recovered from AN, and 25 non-AN controls. The AN group had been unwell for 6.7 years (SD = 3.81) and the recovered group estimated their illness had lasted a mean of 5.8 years (SD = 4.09). The recovered group reported being in remission for a mean of 3.2 years (SD = 2.41). About 27% of the AN group and 11% of the recovered group were taking antidepressant medication. Table 1 provides demographic information for the sample.
The groups did not differ with regards to age, years of education, relationship status, or occupation. The AN and recovered groups were significantly less likely to have a best friend and had fewer close friends than non-AN controls. Sixty-three percent (n = 47) of the sample were white British and the groups did not differ regarding ethnicity FIGURE 3 Frequency of eye-contact events observed in the anorexia nervosa, recovered anorexia nervosa and non-anorexia nervosa control groups for the eye region of interest when passively viewing static social stimuli and moving actors and actively conversing with a conversational partner. a = anorexia nervosa group < recovered anorexia nervosa group; p ≤ .001; b = anorexia nervosa group < non-anorexia nervosa control group; p ≤ .001; c = recovered anorexia nervosa group < non anorexia nervosa control group; p ≤ .001 (χ 2 = 15.2973, df = 18, p = .64). Table 2 provides data for the clinical measures.
The groups did not differ regarding the level of self-reported autism spectrum disorder symptoms and no group reached the clinical cut-off for this measure, suggesting that the groups were wellmatched on this potential confound. The AN group reported poorer work and social adjustment than controls and this continued to be an area that was significantly more difficult for recovered participants than their unaffected peers. Those with AN rated their social competence more poorly than controls and this was also an area that continued to be more difficult for recovered participants than controls. The AN and recovered groups both reported higher social anhedonia than controls and scored over the clinical cut-off.
| Eye-tracking data 3.1.1 | Main effect of group
Eye-contact frequency
There was a significant main effect of group for the frequency of Duration of contact made with the eye region of interest by the anorexia nervosa, recovered anorexia nervosa and non-anorexia nervosa control groups for the eye region of interest when passively viewing static social stimuli and moving actors and actively conversing with a conversational partner. a = anorexia nervosa group < recovered anorexia nervosa group; p ≤ 0.001; b = anorexia nervosa group < non-anorexia nervosa control group; p ≤ .001; c = recovered anorexia nervosa group < non anorexia nervosa control group; p ≤ .001 percentage, how many eye-contact events were made with the eye ROI across the three experiments for the three groups.
Eye-contact duration
There was a significant main effect of group for the overall amount of These data suggest that when interacting with static social stimuli (faces), moving social stimuli (a video of two actors holding a social interaction), and during a real-life social interaction), people with AN and those recovered from AN, look at the eyes less frequently and spend less time overall looking at the eyes than their unaffected peers but more frequently and for longer than those with acute illness.
| Main effect of condition
Eye-contact frequency
There was a significant main effect of condition for the number of Please see Figure 4 for an illustration of these effects.
These data suggest that participants spent longer looking at the eyes of their conversational partner during an active social interaction than when passively viewing static and dynamic actors and that moving actors warrant greater engagement with the eyes than the eyes of static images.
| Group by condition interaction effect
There was a significant group by condition interaction effect for the frequency and duration of eye-contact outcome variables (Lovibond & Lovibond, 1995) . a Significant difference between the anorexia nervosa and non-anorexia nervosa control groups; p ≤ .001. b Significant difference between the anorexia nervosa and recovered groups; p ≤ .001. c Significant difference between the recovered and non-anorexia control groups; p ≤ .001. CI, confidence interval.
group had significantly reduced frequency and duration of eyecontact with the eye ROI during a real-life social interaction (experi- 
| DISCUSSION
This study aimed to be the first in the field to experimentally measure eye-contact in 25 women with acute AN, 25 women recovered from AN, and 25 non-AN controls in the context of static and moving social stimuli and a real-life social interaction using eye-tracking. In keeping with past research (e.g., Arkell & Robinson, 2008; Harrison et al., 2014; Tiller et al., 1997) , individuals with both current and past experi- These findings, which are supported by data from objective experimental tasks, with a much larger sample size than previous research, corroborate the small number of prior studies which have reported differences in the use of eye-contact by people with AN in social interactions (Cipolli et al., 1989; Watson et al., 2010) . The entirely novel findings from the recovered group suggest that these differences in the use of eye-contact and self-reported social functioning may continue beyond the active phase of illness. The enduring nature of these differences could be a result of the longer-term effects of starvation on the brain or, enduring social anxiety, a common comorbidity in AN (Kerr-Gaffney, Harrison, & Tchanturia, 2018) .
Although general anxiety was controlled for in this study, future work should specifically measure social anxiety to explore whether this might contribute to explaining some of the variance in the frequency and duration of eye-gaze on the social ROI.
It might be that for people with AN, reduced eye-contact is a way of managing anxiety and is a component of the behavioral and emotional over-control often observed in this group (Lynch, Hempel, & Dunkley, 2015) . Drawing on what we learnt from interviewing adolescents with AN who told us they avoid the eye area of conversational partners (Patel et al., 2016,) it might be that reduced eye-contact is a safety behavior employed by people with AN to prevent them from encountering what they predict to be negative social evaluations.
However, the downside of this avoidance strategy is that it inadvertently communicates disinterest to others, such that the intended solution to social discomfort becomes the problem. This may explain the small social networks reported by this patient group (Westwood, Lawrence, Fleming, & Tchanturia, 2016) . Thus, this work could inform cognitive behavioral models and treatments for EDs (e.g., Fairburn, 2008) , other evidence-based treatments for AN like MANTRA (Schmidt et al., 2015) , and treatment adjuncts like CREST with regards to the nature and possible mechanisms of the subtle social skill differences that might make social interactions more challenging for people with AN which can then be targets for social experiments.
Future work could focus on developing an intervention to coach individuals with AN to use eye-contact differently to help them engage more efficiently with social contacts. This type of intervention is being developed using gamification (e.g., FaceSay; Hopkins et al., 2011 ) and smart-glasses (Liu, Salisbury, Vahabzadeh, & Sahin, 2017) to support the efficient use of eye-gaze in social interactions for people with autism spectrum disorders, given observational studies have found social skills training can improve eye-contact in this population (Bauminger, 2002) . When analyzing the data, it was interesting to find that differences in eye-contact were present even when symptoms of depression and anxiety were controlled for in the analyses, as one question we had debated when developing the study was whether the presence of poorer eye-contact could be explained by depression, as highlighted in previous studies (Carvalho et al., 2015; Schneier, Rodebaugh, Blanco, Lewin, & Liebowitz, 2011) . It would be useful in future research to include clinical control groups of individuals with major depressive disorder and anxiety problems like social anxiety disorder to further investigate any contribution of depression symptoms to reduced eye-contact in people with AN.
In conclusion, this experimental study found that people with AN use their eye-gaze differently to controls in the context of static, moving social stimuli, and real-life social interactions and these moderate- 
